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. * ABSTRACT OF THE DISCLOSURE 
A test composition, compound, device, and method for 
their use in a specific binding assay which employs a sub- 
stance having reactant activity, i.e., a reactant, as a 
labeling substance in the detection of a ligand in a liquid 
medium. The test composition and device comprise a conju- 
gate formed of a specific binding substance coupled to the 
reactant. The reactant advantageously is an enzymatic 
reactant such as an enzyme substrate or coenzyme. The 
activity of the conjugated reactant as a constituent of a 
predetermined reaction is affected by reaction between the 
specific binding substance in the conjugate and a specific 
binding counterpart thereto. The presence of a ligand in a 
liquid medium may be determined using competitive or displace- 
ment binding or sequential saturation techniques wherein the 
specific binding substance in the conjugate is the ligand or 
a specific binding analog thereof, or using a direct binding 
technique wherein the specific binding substance is a specific 
binding partner of the ligand. The effect of the specific 
binding reaction on the activity of the conjugated reactant 
is related to the presence or amount of the ligand in 'the 
liquid medium tested. 
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1. FIELD OF THE INVENTION 

This invention relates to compositions, compounds, 
devices, and methods for determining the presence of a 
ligand in a liquid medium based on the affinity of the 
ligand for a specific binding partner thereof. In particu- 
lar, this invention relates to compositions, devices, and 
methods for use in specific binding assays which do not 
require a separation step and which do not employ radio- 
active materials or modified enzymes as the labeling sub- 
stance. 

The desirability of a convenient, reliable, arid non- 
hazardous means for detecting the presence of low concen- 
trations of substances in liquids is self-evident. This is 
particularly true in the field of clinical chemistry where 
constituents of body fluids which may appear in concentra- 
20 tions as low as 10' 11 molar are known to be of pathological 

significance. The difficulty of detecting such low concen- 
trations is compounded in the field of clinical chemistry 
where sample size is usually quite limited. 

Classically, substances have been detected in liquids 
based on a reaction scheme wherein the substance to be 

detected is a necessary reactant. The presence of unknown 

i 

is indicated by the appearance of a reaction product or 
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the disappearance of a known reactant. In certain instances, 
such an assay method may be quantitative, based on a measure- 
ment of either the rate of appearance of product or dis- 
appearance of reactant or measurement of the aggregate 
amount of product produced or -reactant consumed in attaining 
equilibrium. Each assay reaction system is necessarily 
either limited to use in the detection of only a small group 
of substances or is non-specific. 

The search for assay systems which are highly specific 
yet adaptable to the detection of a wide range of substances 
has evolved the radioimmunoassay. In this system a known 
amount of a radiolabeled form of the substance to be de- 
tected is allowed to compete with the unknown for a limited 
quantity of antibody specific for the unknown. The amount 
of the labeled form that becomes bound to antibody varies 
inversely with the level of unknown present. Inherent in 
the radioimmunoassay technique is the need to separate the 
labeled form of substance to be detected which becomes bound 
to antibody from that which does not become so bound. While 
various ways of accomplishing the required separation have 
been developed, as exemplified in U.S. Patents Nos. 3,505,019; 
3,S5S,143; 3,646,346; 3,720,760; and 3,793,445, all require 
at leas-t one separate manipulative step, such as filtering, 
centrifuging, or washing, to insure efficient separation of 
the bound-labeled form from the unbound-labeled form. The 
elimination of the separation step would greatly simplify 
the assay and render it more useful to the clinical labora- 
tory. 
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The use of radioactive materials in immunoassays has 
been eliminated to some degree by the use of enzyme 
-tagged materials in place of radiolabels. As exemplified 
by U.S. Patents Nos. 3,654,090 and 3,791,932, the manipula- 
l tive steps necessary for carrying out the enzyme- tagged 

immunoassays, are for the most part the same as those re- 
quired in radioimmunoassays and include the cumbersome 
" separation step. An additional disadvantage of using 
enzyme- tagged materials is that each enzyme used as a tag 
I". must be individually chemically modified for use in the 

' formation of the tagged conjugate. The use of other tagging 
materials has been suggested, such as the use of coenzymes 
- or viruses, nature 22 9:186(1968) and -he use of fluorescent- 
labels, French Patent No. 2,217,350. 

13 2. DESCRIPTION OF THE PRIOR ART 

While the radiolabeled and enzyme-tagged immunoassays 
may undergo future improvement in terzvs of expansion of the 
range of substances detectable thereby or of simplification 
of the procedure, by their nature they will always require 
2C some type of separation step. Recently, a different approach 

was disclosed which does not require a separation step and 
therefore has been referred to as a homogenous system, in 
contrast to a heterogenous system in which separation is 
essentral. U.S. Patent No. 3,817,837 discloses a competi- 
2 5 tive binding assay method involving the steps of combining 

the liquid to be assayed with a solum complex consisting 
of an enzyme as a labeling substance cavalently bound to the 
ligand to be detected and with a soluble receptor, usually 
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an antibody,, for the ligand; and analyzing for the. effect of 
the liquid to be assayed on the enzymatic activity of the 
enzyme in the complex. 

While this method has the advantage of not requiring a 
separation step because reaction between the enzyme-bound- 
ligand complex and the receptor results in inhibition of the 
enzymatic activity of the enzyme in the complex, the method 
nonetheless is' severely restricted in its ability to be 
adapted 'to widely varied assay requirements. For instance, 
it is clearly essential that in the fabrication of the 
enzyme-bound-ligand complex, the substance or ligand to be 
detected must be coupled to the enzyme in a. carefully con- 
trolled manner so that the coupling site is close to the 
enzymatically active site on the enzyme. This is required 
in order that upon reaction between the complexed ligand and 
the receptor, the erizymatically active.. site is blocked. 
Enzymes vary greatly in their size, ranging in molecular 
weight from about 10,000 to 1,000,000. Thus, for a receptor 
in the form of an antibody having a molecular weight of 
between 150,000 and 300., 000 to be capable of physically 
blocking the active site on an average enzyme of 500,000 
molecular weight or greater, the coupling site must be 
precisely controlled. Due to the complex chemical structure 
of enzymes, precise control of such chemical linkage is 
indeed difficult, and one would expect that even upon 
screening a wide variety of enzymes only a small number 
would be found to be of use in this homogenous assay system. 

Moreover, it is critical for the purpose of obtaining ' 
quantitative test results to precisely • control the ratio of 
the number of enzymes "to the number of liyands in each 
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enzyme-bound-ligand complex. Here also, the complex peptide 
structure of enzymes makes such control difficult. It would 
again be expecTted that only a small number of enzymes would 
have suitable molecular structure to ensure necessary 
control of the ligand/enzyme ratio. 

The prior art homogeneous assay method is stated to 
involve an enzyme amplification and thus to be highly 
sensitive.' -However, since the labeling substance, namely 
the enzyme, is itself the limiting factor determining the 
sensitivity of the prior art assay method, the versatility 
of the method is severely restricted. The sensitivity is 
clearly limited to the catalytic activity of the particular 
enzyme in the enzyme-bound-ligand conjugate. The versatil- 
ity of the prior art method is therefore restricted not only 
by the coupling requirements for formation of a useful 
conjugate but also by the dependence of the sensitivity of 
the assay that employs such conjugate on the activity of the 
particular conjugated enzyme. 

An additional disadvantage of the prior art homogeneous 
assay method arises in its application to the testing of 
biological fluids such as urine and serum. It is to be 
expected that significant amounts of the enzyme species 
comprised in the enzyme-bound-ligand conjugate may appear in 
the fluid sample to "be tested thereby creating an uncontroll- 
able background activity which would severely affect the 
accur'acy of the assay method. Therefore, in order to form 
an assay' system that is useable in testing biological fluids 
of humans or animals, exotic enzymes not endogenous to such' 
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fluids must be selected for use in forming the enzyme-bound - 
ligand conjugate with the result that the versatility of the 
assay method is even further restricted. • 

It is therefore an object of the present invention to 
provide a novel' test composition, compound, device, and 
method for detecting a ligand in a liquid which do not 
require a separation step and which do not employ inconven- 
ient radioactive materials or modified enzymes as the label- 

ing substance • 

'Further, it is an object of the present invention to 
provide a homogenous specific binding assay method and 
system which are more versatile and convenient than those of 

the prior art. 

Another object of the present invention is to provide 
a homogenous, specific binding assay method and system which 
employ a labeling substance which is capable of being 
coupled to the ligand or. to a specific .binding partner 
•thereof more conveniently than can the enzyme of the prior 
art method • 

A further object of the present inventio: is to provide 
a homogenous specific binding assay method and system which 
employ a conjugate comprising a labeling substance whose 
activity is more readily affected by a specific binding 
reaction than is the enzyme of the prior art method. 

It is also an object of the present invention to pro- 
vide a homogenous specific binding assay method and system 
which employ a'conjugatc comprises a labeling substance any 
change in the activity of which is move conveniently detectable 
using a wide variety of sensitive reaction systems than is 
any change in the activity of the enzyme in the prior art 



mot hod . 
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It is a further object of the present invention to 
provide a homogenous specific assay method and system which 
are more readily applicable to the testing of biological 
fluids than those of the prior art. 

SUMMARY OF THE INVENTION 

The present invention provides a highly convenient, 
versatile, and sensitive homogenous specific binding assay 
method and system based on the use of, as labeling substance, 
a substance which exhibits given reactant activity as a con- 
stituent of a predetermined reaction, such substance being 
referred to herein as the reactant. The method is based, in 
part, on the fact that the reaction between a ligand and a 
specific binding partner thereof to one of which the reac- 
tant is coupled alters the activity of the reactant in the 
predetermined reaction. In view of this basic phenomenon, 
various manipulative schemes involving various test composi- 
tions and devices may be employed in performing the method 
of the present invention. The preferred fundamental manipu- 
lative schemes are the direct binding technique and the 
competitive binding technique. 

In the direct binding technique, a liquid medium 
suspected of containing the ligand to be detected is con- 
tacted with a conjugate comprising the reactant coupled to a 
specific binding partner of the ligand, and thereafter any 
change in the activity of the reactant is assessed. In the 
competitive binding technique, the liquid medium is contacted 
with a specific binding partner of the ligand and with a 
conjugate comprising the reactant coupled to one or both of 
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the ligand or, a sp.ecif ic binding analog thereof, and there- 
after any change in the activity of the reactant is assessed. 
In both techniques, the activity of the reactant is deter- 
mined by contacting the liquid medium with at least one 
reagent which forms, with the reactant, the predetermined 
reaction. Qualitative determination of the ligand in the 
liquid medium involves comparing a characteristic, usually 
the rate, df the resulting reaction to that of the predeter- 
mined reaction in a liquid medium devoid of the ligand, any 
difference therebetween being an indication of a change in 
activity .of the reactant. Quantitative determination of the 
ligand in the liquid medium involves comparing a charac- 
teristic of the resulting reaction to that of the predeter- 
mined reaction in liquid media containing known amounts of 
the ligand. 

The predetermined reaction preferably is enzyme 
-catalyzed; Usually, a predetermined reaction is selected 
which is highly sensitive to the reactant in the conjugate. 
Luminescent or fluorescent reaction systems are very useful 
in this regard. Particularly preferred are cyc'.xc reaction 
systems especially those in which the reactant is the 
cycled material. Of the preferred cyclic reaction systems, 
those which are enzyme-catalyzed are particularly advan- 
tageous. The reactant in the conjugate is usually an enzy- 
matic reactant, such as an enzyme substrate or, as is particu- 
larly preferred, a coenzyme, and preferably has a molecular 
weight of less than 9000. 

B RUil- DESCRIPTIO N OP Till: DRAWING 
Figure 1 is a graphical representation of the effect of 
various levels of a ligand on the aggregate reaction rate in 
a direct binding-cycling assay technique. 
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Figures 2 and 3, respectively, are graphical representa- 
tions of the effect of various levels of two different 
ligands on the aggregate reaction rate in a competitive 
binding-cycling assay technique. 

Figures 4 and 5, respectively, are graphical representa- 
tions of the effect of various levels of two different 
ligands on the peak light intensity produced in a competitive 
binding -bioluminescence assay technique. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the context of this disclosure, the following terms 
shall be defined as follows: ligand is the substance, or 
group of substances, whose presence or the amount thereof in 
a liquid medium is to be determined; specific binding partner 
of the ligand is any substance, or group of substances, 
which has a specific binding affinity for the ligand to the 
exclusion of other substances; and specific binding analog 
of the ligand is any substance, or group of substances, 
which behaves essentially the same as the ligand with respect 
to the binding affinity of the specific bindir, partner for 
the ligand. 

In general, the components of the specific binding 
reaction, i.e., the liquid medium suspected of containing 
the ligand, the conjugate, and/or a specific binding partner 
of the ligand, may be combined in any amount, manner, and 
sequence, provided that the activity of the reactant in the 
conjugate is measurably altered when the liquid medium 
contains the ligand in an amount or concentration of signifi- 
cance to the purposes of the assay. Preferably, all of, the 
components of the specific binding reaction arc soluble in 
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the liquid medium, thus providing a homogenous assay system. 
However, a heterogenous assay system wherein the conjugate or 
a specific binding partner of the ligand is insoluble may be 
employed if desired. 

Where a direct binding technique is used, the compon- 
ents of the specific binding reaction are the liquid medium 
suspected of containing the ligand and a quantity of a 
conjugate comprising the reactant coupled to a specific 
binding partner of the ligand. The activity of the conju- 
gated reactant on contact with the liquid medium varies 
inversely with the extent of binding between the ligand in 
the liquid medium and the specific binding partner in the 
conjugate. Thus, as the amount of ligand in the liquid 
medium increases, the activity of the Conjugated reactant 
decreases. To obtain quantitative results, the amount of 
the specific binding partner contacted with the liquid 
medium is usually in excess of that capable of binding with 
all of the ligand thought to be present in the liquid met ium 
during the. time that the conjugate and the liquid medium are 

in contact prior to completion of the assessment of any 

* 

change in activity of the conjugated reactant. In practice, 
an amount of the specific binding partner is chosen according 
to the above-mentioned criterion based on an estimation of 
the largest amount of the ligand which is likely to be 
present in the liquid medium. A direct binding technique is 
particularly useful in detecting high molecular weight 
ligands which have specific binding partners that are smaller 
than themselves . 

Where a competitive binding technique is used, the 
components of .the specific binding reaction arc the liqfuid 



medium suspected of containing the ligand, a quantity of a 
conjugate comprising the reactant coupled to the ligand or a 
specific binding analog of the ligand, and a quantity of a 
specific binding partner of the ligand. The specific binding 
partner is contacted substantially simultaneously with both 
the conjugate and the liquid medium. Since any ligand in 
the liquid medium competes with the ligand or specific 
binding analog thereof in the conjugate for binding with the 
specific binding partner, the activity of the conjugated 
reactant on contact with the liquid medium varies directly 
'with the extent of binding between the ligand in the liquid 
medium and the. specif ic binding partner. Thus, as the 
amount of the ligand in the liquid medium increases, the 
activity of the conjugated reactant increases. To obtain 
quantitative results, the amount of the specific binding 
partner contacted with the conjugate and the liquid medium 
is usually less than that capable of binding with all of the 
ligand thought to be present in the liquid medium and all of 
the ligand or ligand analog in conjugated form in the time 
that the specific binding partner, the conjugate, .nd the 
liquid medium are in contact prior to completion of the 
assessment of any change in activity of the conjugated 
reactant. In practice, an amount of the specific binding 
partner is chosen according to the above-mentioned criterion 
based on an estimation of the largest amount of the ligand 
which-is likely to be present in the liquid medium. Usually, 
the amount of the ligand or ligand analog in conjugated form 
which is contacted with the liquid medium does not exceed 
the smallest amount of the ligand to be tested for in the » 
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liquid medium. A competitive binding technique is particu- 
larly useful in detecting ligands which have specific bind- 
ing partners That are larger than themselves. 

A variation of the competitive binding technique is th< 
displacement binding technique wherein the conjugate is 
contacted first with the specific binding partner of the 
ligand and .thereafter with the liquid medium. Competition 
for the specif ic binding partner then occurs. m such a 
method, the amount of the conjugate contacted with the 
^ specific binding partner is usually that which comprises the 

ligand or analog thereof in excess of that capable of bind- 
. ing with the amount of the specific binding partner present 
during the time that the conjugate and the specific binding 
partner are in contact prior to contact with the liquid 
medium suspected of containing the ligand. This order of 
contact may be accomplished in either of two convenient 
ways. In one method, the conjugate is contacted with the 
specific binding partner in a liquid environment prior to 
contact with the liquid medium suspected of conta .ning the 
ligand. In the second method, the liquid medium suspected 
of containing the ligand is contacted with a complex com- 
prising the conjugate and the specific binding partner, the 
specific binding substance in the conjugate and the specific 
binding partner being reversibly bound to each other. The 
amount of the conjugate that becomes bound to the specific 
binding partner in the first method, as well as the amount 
thereof which is in complcxed form in the second method, is 
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usually in excess of that capable of being displaced by all 
of the ligand ^in the liquid medium in the time that the 
specific binding partner, or complex, and the medium are in 
contact prior to the completion of the assessment of any 
change in the activity of the conjugated reactant. 

Another variation of the competitive binding technique 
is the sequential saturation technique wherein the com- 
ponents of" the specific binding reaction are the same as 
those used in the competitive binding technique, but the 
. order of addition or combination of the components and the 

relative amounts thereof used are different. Following a 
■ sequential saturation technique, the specific binding 
•partner of the ligand is contacted with "the liquid medium 
suspected of containing the ligand for a period of time 
prior to the contact of said liquid medium with the conju- 
gate. The amount of the specific binding partner contacted 
with the liquid medium is usually in excess of that capable 
of binding. with all of the ligand thought to be present in 
the liquid medium in the time that the specific bin xing 
partner and the liquid medium are in contact prior to 'the 
time that the liquid medium is contacted with the conjugate. 
Further, the amount of the ligand or ligand analog in con- 
jugated form is usually in excess of that capable of binding 
with the remaining unbound amount of the specific binding 
partner. during the time that the liquid medium and the 
conjugate are in contact prior to the completion of the 
assessment of any change in activity of the conjugated 
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a single enzyme-catalyzed degradation or dissociation reac- 
tion. In such a system, the conjugated reactant is the 
enzyme. subs tra-te which undergoes degradation or dissociation, 
and the only component of the reaction system necessary to 
be contacted with the specific binding reaction mixture is 
an enzyme which catalyzes the degradation or dissociation 
reaction. A more complex enzyme-catalyzed reaction system 
may consist .of . a single enzymatic reaction involving two or 
more reactants or may consist of a series of reactions 
involving several reactants, at least one of which reactions 
» is enzyme-catalyzed. In such a system, the conjugated 
reactant would be one of the enzymatic reactants in the 
enzyme-catalyzed reaction and the specific binding reaction 
• mixture would be contacted with the appropriate enzyme and 
•reactant constituents, other than that in the conjugate, 
which are necessary to provide the selected enzyme-catalyzed 
reaction system. 

It is further contemplated that the enzyme-catalyzed 
reaction system may comprise a biochemical system as complex 
as the metabolic system of a biological cell such as a 
microorganism. For example, a nutrient substance essential 
to the growth of a particular microorganism may be selected 
as the reactant in the conjugate. Any change in the activity 
of the reactant would cause a change in a growth characteristic 
of the microorganism when such microorganism would be placed 
in an, environment wherein the only source of the reactant 
nutrient - substance is the conjugate. Thus, for example, a 
change in the rate of microorganism growth when contacted 
with the specific binding reaction mixture would indicate 
the presence of . the ligand therein. ' 
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The appropriate reaction constituents which form, to- 
gether with the reactant in the conjugate, the predetermined 
reaction may be contacted with the specific binding reaction 
mixture singularly or in any combination either prior to, 
simultaneous with, or subsequent to initiation of the speci- 
fic binding reaction. After initiation of the specific 
binding reaction, the reaction mixture, which may include 
any or all of the necessary components for the predetermined 
reaction is usually incubated for a predetermined period of 
time before assessing any change in the activity of the 
reactant in the conjugate. After the incubation period, any 
components which are necessary for the predetermined reac- 
tion and which are not already present in sufficient quanti- 
ties in the reaction mixture are added thereto, and any 
effect on the predetermined reaction is assessed as an 
indication of the presence or amount of the ligand in the 
liquid medium. 

In the situation where the ligand is absent from the 
liquid medium, or is present in an insignificantly small 
amount, the predetermined reaction exhibits a relatively 
constant character. When the ligand is present in the 
liquid medium, at least one characteristic or property of 
the predetermined reaction is altered. Generally, the 
activity of the conjugated reactant is defined as the extent 
or rate at which the reactant is capable of participating in 
the predetermined reaction. Thus, the character of the pre- 
determined reaction is altered by the presence of the ligand 
in the liquid medium, usually with respect to cither the 
aggregate reaction rate thereof or the equilibrium quantify 



of one or more reaction products produced thereby. In the 
usual case, the ability of the conjugated reactant to partici- 
pate in the predetermined reaction is decreased upon reaction 
between the specific binding substance to which it is conju- 
gated and a specific binding counterpart of such specific 
binding substance, that is. the conjugate in its free state 
» -ore active in the predetermined reaction than in its 
bound state. The relative amounts of free and bound conjugate 
present after the incubation of the specific binding reaction 
are a function of the amount of ligand in the li qu id medium 
and are determinative of the effect on the predetermined 



reaction. 



When the change in the aggregate reaction rate of the 
predetermined reaction is the characteristic used to deter- 
mine the presence of the ligand, as is preferred, such rate 
» usually determined by measuring the rate of disappearance 
of a reactant or the rate of appearance of a reaction product 
Such measurement can be accomplished by a wide vari-y of 
methods including the convention! chromatographic, gravi- 
metric, potentiometric, spectrophotometry, f luorometric , 
turbidimetric, and volumetric analysis techniques. Since 
the present method is primarUy designed for the detection 
of low concentrations of ligands, highly sensitive reaction • 
systems, have been developed for use in conjunction with the 
novel specific binding reaction system. 

One preferred form of the predetermined reaction include, 
a Kuuinoscent reaction system. prcfcrnMy enzymc-c, talyzcd , 
S " Ch ** * «»«*°» 'exhibiting the phenomenon of biolu.ino.- 
coneo or chemiluminescenco . The reactant in the conjugate ' 
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• Further details and discussion concerning luminescent 
reaction systems which may be used in the present method may 
be found in the following references: 

J. Biol. Chem. 255:48(1961). 

J. Amer. Chem. Soo . 55:3944(1967). 

COrni eJ Biol ™™escence in Progress, 

rS S ° n T et al " Pri ^eton University 
Press (New Jersey, 1966) pp. 363-84. 

Kries, P. Purification and Properties of Renilla 

Geor^a a a967)? t0ral th6SiS Unive -ity of 
Am. J. Physiol. 41:454(1916). 
Biol. Bull. 51:89(1926). 
J. Biol.' Chem. 243:4714(1968). 

Another type of preferred, sensitive, predetermined 
reaction involves the phenomenon of fluorescence and is 
enzyme-catalyzed. In such a reaction system the reactant in 
the conjugate is a substrate in an enzymatic reaction , hich 
produces a product which has fluorescent properties that 
differ from those of the conjugated substrate. Any change 
in the activity of the conjugated enzymatic reactant result- 
ing from the specific binding reaction causes a change in 
the fluorescent properties of the reaction mixture. A 
general reaction scheme for such an enzyme-catalyzed reaction 
system is as follows: 



enzymatic , 

reactant -X-Z (enzyme^ duct 
(substrate) 

wherein X is an cnzymc-clcavablc bond or linking group, sudh 
as an ester or amiclo group, and Z is a specific binding sub- 



- 22 - 



stance which, ' depending upon the specific binding 

* ctlIlc Dindmg reaction 

technique used ic ■> • 

*r or a specific binding partner ° f — 
r system - e — * — - cleavable derivatives of 

fluorescein, u mb eUif ?rone , 3 - indole , s . naphthol> 
eso rufin , , hodamine B> ^ so Exampies . 

s-ucturai fo™.i„ of such deriyatlves _ ^ P 



Derivative 



Formula 



fluorescein 



umbellif erone 



3-indole 





6-naphthol 




3-pyridol ' * 




resoruf in 




rhodamine B 




®NR 4 C1° , 



10 



15 



wherein R is -OH or -X-Z (as defined above in this para- 
graph), R 2 is -X-Z, R 3 is -H or -CH 3 , and R 4 is -(CH 2 CH 3 ) 2 . 

A reaction system which is particularly preferably for 
use in conjunction with the novel specific binding reaction 
of the present invention is a cyclic or cycling reaction 
system. Such a reaction system is one in which f product of 
a first reaction is a reactant in a second reaction, which 
second reaction has as one of its products a substance that 
is also a reactant .in the first reaction. 

The following diagram illustrates a model of a cyclic 
reaction system: 



:o 



products A 



reactants A 




cycled material 
(form 1) 



cycled material 
(form 2) 




reactants B 



products B 



In the above model cyclic reaction system, a small amount of 
cycled material, if provided with sufficient amounts of 
reactants A and B, will generate large amounts of products 
A and B. Since the rate and amount of product produced by 
the reactions constituting the cyclic reaction system is 
highly sensitive to the amount of cycled material present, 
it is most preferred to use the cycled material as the reac- 
tant in the conjugate of the present invention. Examples of 
cycling reaction systems contemplated for use in conjunction 
with the novel specific binding reaction system of the 
present invention are given in Tables B,C, and D. 
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TABLE B 



product A 



reac 



NAD* -N.^^reactant B 
enzyme enzyme 
tant 1 



-NADH** 



/ 

A 



product B 



reactant A 
or 

reaction product B 



enzyme 



reactant B 
or 

product A 



10 



15 



20 



25 



2 
3 



7 
8 



lactaldehyde 



a-ketoglutar- 
ate + NH 3 

oxaloacetate 



acetaldehyde 



a-ketoglutar - 
ate + CO- 



dehydroxyace- 
tone phos- 
phate 



pyruvate 



1 , 3-dephos- 
phoglycerate 



alcohol de- 
hydrogenase 

glutamic de- 
hydrogenase 

malic dehy- 
drogenase 

alcohol de- 
hydrogenase 

isocitric 
dehydrogen- 
ase 

a-glycerol 
phosphate 
dehydrogen- 
ase 

lactic dehy- 
drogenase 

glyceralde- 
hyde- 3 -phos- 
phate dehy- 
drogenase 



propanediol 

glutamate 

rtialate 

ethanol 

isocitrate 



L-a-gl^cerol 
phosph *te 



lactate 



glyceraldehyde 
-3-phosphate 
+ phosphate 



nicotinamide adenine dinucleotide 
reduced NAD 
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TABLE C 



product A NADP* reactant B 



enzyme enzyme 
reactant A-^^*- — NADPH** oduct B 



reactant A reactant B 

or or 
reaction product B enzyme product A 



10 



15 



2 
3 
4 
5 



6-phospho- 
gluconate 



oxidized 
glutathione 

p-benzoqui- 
none 

nitrate 



ct-ketoglu- 
tarate + NH 3 



glucose-6 

-phosphate 

dehydrogenase 

glutathione 
reductase 

quinone 
reductase 

nitrate 
reductase 

glutamic 
dehydrogenase 



glucose-6 
-phosphate 



reduced glu- 
tathione 

hydroqui- 
none 

nitrite 



glutamate 



* nicotinamide adenine dinucleotide phosphate 
20 ** reduced NADP 
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It should be noted that the cyclic reaction systems 
illustrated in Tables B and C comprise the combination of 
any one of the reactions listed in the respective tables* 
with any other reaction listed therein. For example, reac- 
tion 1 in Table B may be paired with any one of reactions 2- 
9 to form a useful cyclic reaction system. Thus, Tables B 
and C represent respectively 56 and 20 possible cyclic reac- 
tion systems for use in the present invention. 

In addition to the cyclic reaction systems represented 
in Tables B and C, it is contemplated that one of the reac- 
tions in the cyclic reaction system may involve the enzymatic 
or non-enzymatic conversion of a spectrophotometr ic indicator, 
preferably color imetric . In such a system, any change in 
the reaction or cycling rate would be reflected in a change 
in the spectrophotometry properties of the indicator. 
Using the preferred colorimetric indicators such change 
would be a color change. An example of a cyclic reaction 
system involving a conversion of an indicate is the system 
produced by combining one of the reactant B - product B 
reactions from Table B with a reaction comprising an oxidation 
-reduction indicator and an electron transfer agent. As 
electron transfer agent, phenazinemethosulf ate may be used. 
Useful indicators include the oxidized forms of nitrotetra- 
zolium, thiazoyl blue, and dichlorophenolindophenol . 
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TABLE D 



reduced 
cytochrome C 




FMN' 




NADPH 



cytochrome C cytochrome C 
reductase reductase 



oxidized 
cytochrome C 




FMNH- 




NADP 



flavin mononucleotide 



reduced FMN 



H 2°2 



FAD' 



*D-aminoacid 



D-aminoacid 
oxidase 



D-aminoacid 
oxidase 



FADH. 




a-ketoacid 



c flavin adenine dinucleotide 
d reduced FAD 



a-ketogliitarate 




a-aminoacid 




transaminase 



L-aminoacid 
oxidase 



glutamatc. 



'ct-ketoacid 




>H 2°2 
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TABLE D 



phosphate-^ ^*^ADP e -^ phosphoenol 

'pyruvate 





adenosine pyruvate 
triphosphatase kinase 




-ATP^" - ^ ^pyruvate 



e adenosine diphosphate 
^adenosine triphosphate 



10 



succinate + GTP 



g 




coenzyme A 




a-ketoglu - 
tarate + NAD 



succinic 
thiokinase 



phosphate + GDP 




a-ketoglu tar ate 
dehydrogenase 



succinyl- 
coenzyme A 




NADH + CO. 



15 



g guanosine triphosphate 
kguanosine diphosphate 



:o 



ascorbate 




oxidized 
glutathione 




NADPH 



dehydroascorbate 
reductase . 



glutathione 
reductase 



dehydro- 
ascorbate 



reduced 
glutathione 




NADP 
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TABLE D 



oxidized 
glutathione 




ascorbate 



dehydroascorbate 
reductase 




ascorbate 
oxidase 



reduced 
glutathione 




dehydro- 
ascorbate 




H 2 0 



ADP 




GTP 



oxaloacetate 



nucleoside 
diphosphate 
kinase 



phosphoenol 
pyruvate kinase 



ATP 




GDP 




phosphoenol 
pyruvate 



H 2 0 




oxidized 
cytochrome C 



NADPH 




cytochrome C 
peroxidase 



- H 2°2 



reduced 
cytochrome C 



cytochrome C 
reductase 



NADP 
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TABLE D 



NADPHn^ oxidized /" H 2 

ferridoxin 





pyridine hydrogenase 
nucleotide reductase 





NADP ^ \^ reduced 

ferridoxin' 



In forming any of the cyclic reaction systems illus- 
trated in Tables B,C, and D, where a component in the reac- 

10 tion system is in an ionic form, it may of course be added 

in a salt or acid form which is ionizable upon contacting 
the liquid medium. A water soluble salt or acid of such 
component is usually preferred. 

It is also contemplated that an exponential cyclic 

15 reaction system may be included in the predetermined reac- 

tion system. An example of an exponential cv,lic reaction 
system is as follows: 

AMP + A TP niyokinase^ 2 ADp 

ADP + PEP Pyruvate kinase^ ATP + pyruvate 

:0 Such a cyclic reaction is autocataly tic in the sense that 

dur-ing each cycle the amount of cycled material is doubled. 
The cycling rate therefore increases exponentially with time 
and affords a high degree of sensitivity. Further details 
and discussion relating to such cyclic reactions may be 

:5 found in J. Biol. Chem. 247'. 3558-70 (1972) . 
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Where a cyclic reaction system is used as a means of 
assessing any change in activity of the conjugated reactant, 
the rate of disappearance of a reactant or rate of appear- 
ance of a rieaction product can be determined by conventional 
techniques or by using one or more additional cycling sys- 
tems followed by a conventional determination of the aggre- 
gate reaction rate. 

The use of a cyclic reaction system in conjunction with 
the specific binding reaction system provides a high degree 
of assay versatility as well as sensitivity. A single 
reactant-specif ic binding substance conjugate may be used 
with a multiplicity of reactions to form cyclic systems 
which have sensitivities varying over a wide range and which 
provide a wide variety of responses detectable by the senses 
or artificial means. Such versatility is lacking in the 
homogenous enzymatic assay system of the prior art. 

While unnecessary in the preferred embor 1 jnent of the 
present invention, it may be desirable to employ a hetero- 
genous assay technique even where the presence of the ligand 
in the liquid medium affects the activity of the conjugated 
reactant. Such a situation may present itself where a 
heterogenous system offers particular convenience. Certain 
heterogenous systems have the ability to increase the effec- 
tive concentration of the ligand in the assay system, thus 
increasing sensitivity. An example of such a heterogenous 
system is that which employs a column device containing an 
insoluble matrix comprising either the conjugate of the 
present invention or a specific binding partner of the l^gan 




Mvfc 




In general, it is preferred that the conjugate comprise 
the reactant coupled to the smaller of the ligand and its 
selected specific binding partner. It is preferred to use 
a direct binding technique to detect the ^ligand where the 
5 molecular weight of the selected specific binding partner is 

about one-tenth that of the ligand or less. Thus, where the 
. ligand to be detected is an antibody or a specific binding 
receptor, it is preferred to follow a direct binding tech- 
^\ nique wherein the conjugate comprises an enzymatic reactant 
10 ^i',/' partner is ten or more times larger than that of the ligand 
' to be detected, as when an antigen, hapten, hormone, vitamin, 

metabolite or pharmacological agent is to be detected, it is 
particularly advantageous to employ a" competive binding or 
sequential saturation technique in which the conjugate 
15 comprises the reactant coupled to the smaller ligand. 

In the conjugate of the present invention, the reactant 
is coupled or bound to a specific binding substance, which 
is the ligand, a specific binding analog of the ligand, or 
a specific binding partner of the ligand depending upon the 
20 assay scheme selected, such that a measurable amount 'of 

activity of the reactant is retained. The bond between the 
reactant and the specific binding substance is usually sub- 
stantially irreversible under the conditions of the assay 
such as where the predetermined reaction in which the reac- 
25 tant has activity is not designed to chemically destroy such 
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bond as in the above-mentioned luminescent and cyclic reac- 
tion systems'. However, in certain instances such bond is by 
design destroyed or otherwise affected by the selected 
predetermined reaction as a means for assessing the change 
» reactant activity. Such a case is the enzymatic fluores- 
cent substrate reaction systems referred to previously 



herein. 



The reactant may be directly coupled to the specific 
binding substance so that the molecular weight of the conju- 
gate xs less than or equal to the aggregate molecular 
weight of the reactant and the specific binding substance. 
Usually, however, the reactant and the specific binding 
substance are linked by a bridge group comprising between 1 
and SO, and preferably between 1 and 10, carbon atoms or 
heteroatoms such as nitrogen, oxygen, sulfur, phosphorus and 
so forth. Examples of a bridge group comprising a single 
atom would be a methylene group C „„e carbon atom) and an 
ammo group (one heteroatom) . The bridge group usually has 
a molecular weight not exceeding i 00 0 and preferably less 
than 200. The bridge group comprises a chain of carbon 
atoms or heteroatoms, or a combination of both, and is 

joined to the reactant and the scecifir ks„j- 

° e specific binding substance, 

or active derivative thereof, by a connecting group usually 
m the for, of an ester, amido, ether, thioester, thioether, ' 
acetal, methylene, or amino group. 
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The reactant in the conjugate of the present invention 
may be any substance which has given (i.e. fixed or known) 
reactant activity as a constituent of a predetermined reac- 
tion. Preferably, the reactant is an enzymatic reactant 
such as an enzyme substrate or, as is particularly pre- 
ferred, a coenzyme. An enzyme substrate is a compound 
capable of undergoing a chemical transformation that is 
catalyzed by an enzyme. Where a substrate is employed as 
the conjugated reactant, the preferred molecular weight 
thereof is less than 9000 and preferably less than 5000. 
Substrates of such size, because of their lack of molecular 
complexity, are most convenient for use in the fabrication 
of the conjugate. Moreover, the activity of such substrates 
when coupled to a specific binding substance is readily 
affected by reaction of the conjugate with a specific bind- 
ing counterpart of such specific binding substance. Examples 
of enzyme substrates which are contemplated for ^e in the 
present invention include the enzyme-cleavable fluorescent 
substrates referred to previously such as fluorescein and < 
umbellif erone derivatives; pH indicators; and spectrophoto- 
metry indicator dyes, particularly chromogenic types. 

For the above reasons and for reasons of versatility 
and adaptability, coenzymes are especially preferred for use 
as the reactant in the coniugate. A coenzyme is a non- 
protein molecule which migrates from one enzyme protein to 
another in facilitating the efficient performance of the 
catalytic function of the enzyme. All known coenzymes have 
a molecular weight of less than 9000, the preferred co- 
enzymes having a molecular weight of less than about S0Q0. 



Useful coenzymes include the nucleotide coenzymes, particu- 
larly those comprising adenine groups, such as the adenosine 
Phosphates (i.e. the mono-, di-, and tri-phosphate forms), 
nicotinamide adenine dinucleotide and its reduced forms, and 
nicotinamide adenine dinucleotide phosphate and its reduced 
forms. Other useful coenzymes include the guanosine phos- 
phates, flavin mononucleotide and its reduced forms, flavin 
adenine dinucleotide and its reduced forms, coenzyme A and 
its thioesters including succinyl-coenzyme A, 3 1 , 5 • adenosine 
diphosphate, and adenosine-3 ■ -phosphate-5 • -phosphosulf ate . 

Useful coenzyme-active conjugates comprise nucleotide 
coenzymes having an adenine group to^xch the specific 
binding substance, i.e., a ligand, a specific binding analog 
of a ligand, or a specific binding partner of a ligand, is 
coupled through a direct bond or a bridge group - z referred 
to hereinbefore. Such coenzyme-active conjugates which 
comprise an adenosine phosphate, nicotinamide adenine di- 
nucleotide or its reduced form, or nicotinamide adenine 
dinucleotide phosphate or its reduced form, have the follow- 
ing general formula: 
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wherein R is 



OH R 2 




Synthesis o* such compounds nay be accomplished in a 
variety of ways. It is contemplated that the synthesis 
routes which are schematically illustrated below are ad- 
vantageously followed in the preparation of the useful 
compounds. I„ the illustrated syntheses, the positions on 
the adenine ring structure are referred to according to the 
following: 




Also, the following abbreviations are used; 



Rib refers to the 

ribose moeity, i.e., 



Rib' refers to the phosphated 
ribose moeity, i.e., 



— CH 



Ph refers to a phosphate group; 




NA ni C o^'nr-7 e T Cf ? rS t0 a derivative of either 

R refers to the specific binding substance; and 
X refers to a leaving group, usually a halogen. 



- 41 




- 42 - 




rd 

O4 



•H 



O 
> 



cd 
> 

•H 
rH 

<D 

O 
•H 
4-> 
•H 

to 
o 

I 




X> 
H 

I 



> 

•H 

cd 

> 

•H 
rH 
Q> 

< 
2: 




CTi 



0 




rH 


rH 




v— ' 


<• — ' O 






■ 


1 


to 




rH O 


to 








•H O 


X -H 


ro 


e O 


0 e 




Cd rH 


*c -h 


n 


c! O 


O -H 


• 






O 


4-» G 


O O 


O 


O O 




CO 


0 c 


O rH 




•H O 


-H Cd 


• 


s e 


*U U 





rH 






rH 


0) 




v— ' 




1 


O 


•H 


rH O 




+-» 




•H 


0 




£ 




0 e 


cd 


rH 




C 




O -H 


•H 




rH 


<M 


c 


O O 


O 


0 


XXI 


U 


c 


O rH 


• H 


0 


•H fjj 









> 

•H 

Cd 
> 
•H 

O 
n3 



0\ X» Cu 



0) 
<0 



cri 
0) 



< 



10 

o 
go 



r^ 



> 
•H 

Cd 
> 
•H 

J-» 
O 

C 

o 

•rH 
4-» 

•H 
lO 
O 

Pu 
I 




<D 
> 



Cd 

> 

•H 
rH 

<L) 



cd 

rH 
P. 

10 



cd 



to 
a 
x: 

DO 
D 
0u 



- 46 - 



cm 
< 

o 

'CO 
0) 

> 

•H 
4-» 

cd 
> 

•H 
fn 
O 

o 



•H 
O 
I 




0) 

c 

•H 

•H 

C 
(D 

rH 

>> 

0> 




c: 

•H 

C 

03 








*-o 




rH 


V 


W / 
1 


rH 




>s 




4-> 








O 




cd -H 




♦H to 




u o 








o oi 


o 






O D 






o 


-c o 






1 • r-i 




C5 Jh 




/ N 


/ N 


rH 


CM 



<U rH O 
rH 

U O rH >^ 
tO > -H <rj 

•h d 3 ^ 



- 47 



i 

cm 



CM 




Pi 

i 




> 

> 

< 

25 



m 
o 

> 
•H 

"OS 
> 
•H 

<D 
C 

o 



to 
o 







oo 








* — ' rr^ 


i 




rH O 






•H O 




e <i> 


<u £ 




^ -H 


G o 


O *H 


•H 3 


rH T3 


4-» £ 


U O 


O O 




o a 


u u 


•H O 


•H aS 




a 





> 

•H 





/ 




rH 


O 








i 




•H 


rH <D 




+J 


>^ 




O 






O 


o 6 


CTj rH 






O 


O -H 


•H 




rH 


+-> 


Pi 


O O 


■ O 


o 




o 






•H 


o 


•H n) 


c 


e 





a) 
U 
P« 

to 



a) 







a> 














1 






cm 


> 


< 




•rH 


• 




4-> 












> 








CO 




JH 


a> 




<U 








oo 


H 




D 


Pi 








< 


t — \ 


fx, 

l 




oo 

rH 






v — / 



1 

m 
o 

> 
•H 
4-* 

> 

r< 



C 

o 

•H 
4-> 

• H 
CO 
O 
PU| 
I 

ro 








rH 


cm O 




rH CM 


PXi 




/ — \ 


/ — \ / — \ 


rH 


CM tO 



DC 
i 

CM 




to 



a) 

4-> 

a> 
< 



in 

*— • 

X 



48 - 



X 

NO 



< 



CO 

o 

•H 
+J 

> 
<D 
C 

o 



o 

vO 




^3 
*H 
U 

u 

•H 
K» 
O 

P« 

to 
o 

oc ^ 
a: ^ 

i 

vo 



CM 

I 



O 



•H 
■H 



O 

a 




a> 
> 



> 

•r-l 
Oh 

< 



CSC 
i 



> 
•H 
+-> 

> 
•H 

a 

< 




> 

•H 

cd 
> 

Cm" 
< 



to in 



4-» 4-> 

o a> 



T 5 

J— • •* 

O r-» 

a> 

r-l ^ 
•H CVj 



- 49 - 



( 




\ 




- 51 - 



X 



to 



<L> CD 




u 
+-> 
o 
u 
o 



O 

C5 



o 

to 

DC 

to 
X 

a; 




> 
•H 

<*-) 

> 

0) 

ex 

< 



* ' (±K^ 



CN3 

PC 



0> 

O 

o 





to 



O 
< 




> 



> 



< 




O H f>i 
to to ro to 



- 54 - 




> 

•H 

> 
•H 

O 

Oh 

< 

2: 












re 








0 




0 





< 
2 




0) 
> 



> 

•H 
< 



In 

P4 



0) 



< 



in 

GO 



to 



> 
•H 

> 

U 
<D 

O 

•H 

4-> 
•H 



O 

CM 

cn 




10 

a. 



3C 




> 

•r-t 
4-> 



<D 



a. 



p. 



4-> 



< 



0) 

to 
X 



to 
to 



10 



In addition to the compounds mentioned above, useful 
coenzyme-active conjugates include the adenosine phosphates 
to which are coupled the spec 
the phosphate grouping 
general formula: 



ific binding substance through 
Such compounds have the following 





wherein R is 



O 0 
■O-P-O-R 
0 



OH 



OH 



0° f 
•0-P-O-P-O-R 2 

A h 



or 



0° 0 Q o® 

0 0 0 



wherein R 2 is -Y-I-. "herein Y is a bond or a bridge group; 
and wherein Z is a ligand, a specific binding analog of a 
ligand, or a specific binding partner of a ligand. Also, 
the protonized or acid forms, as well as the salt forms 
where appropriate, may be used. 

Synthesis of such compounds may be accomplished in a 
variety of ways. It is contemplated that the synthesis- 
routes which are schematically illustrated below are advan- 
tageously followed in the preparation of the useful compounds. 
The abbreviations used hereinbefore also apply to the illu.tr., 
tion to follow. 
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In one -form of the present invention, the components of 
the specific binding reaction which are to be combined with 
the liquid medium suspected of containing the ligand are in 
a liquid or solid form. In the preferred homogenous assay 
system, the components are usually in solution or in a solid 
form capable of ready dissolution in. the liquid medium. 
Since the liquid medium to be tested is normally aqueous in 
character, the components are generally in a water soluble 
form, that is, either in aqueous solution or in a water 
soluble solid form such as a powder or resin. The assay 
method may be carried out in a standard laboratory vessel 
such as a test tube with the specific binding reaction 
components and the components of the reaction system being 
added thereto in solid or liquid form. 

It is also contemplated that one or more of the speci- 
fic binding reaction components and/or one or more of the 
components of the predetermined reaction may be incorporated 
with a carrier. In one aspect, the carrier may be a liquid- 
holding vessel such as a test tube or capsule containing 
such component or components in an interior portioi thereof, 
for instance, in the form of a liquid or loose solid or a 
coating on an interior surface of the vessel. In another 
aspect, the carrier may be in the form of matrix which is 
insoluble and porous, and preferably absorbent, relative to 
the liquid medium to be tested. Such matrix may be in the 
form of bibulous papers; polymeric films, membranes, fleeces, 
or blocks; gels; and so forth. In such a form, the devicp 
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inhibitors of such coenzyme-degrading enzymes, for example, 
chelating agents which operate to deprive the enzymes of 
essential m*.tal ion activators. As a specific example, NAD- 
degradable enzymes are found in normal serum and have suf- 
ficient enzymatic activity to remove essentially all endogen- 
ous NAD activity from isolated serum within a few hours. 
The degrading activity of such enzymes may be effectively 
inhibited by addition of a chelating agent such as ethylene- 
diamine tetraacetic acid. Elimination of the degrading 
activity ma/ also be accomplished by adding a specific 
enzyme inhibitor. For example, ATP-degrading enzymes may be 
inhibited by addition of f?Y methylene ATP or a3 methylene 
ATP. 

The present invention will now be illustrated, but is 
not intended to be limited, by the following Examples. 



til 
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EXAMPLli 1 

Preparation of nicotinamide 6- (2-aminoethylamino) 
purine dinuclcotide. 

Two (2) grams of nicotinamide adenine dinuclcotide 
(NAD) were dissolved in 10 ml of water and 0*6 ml of ethyl- 
eneimine was added dropwise, the pH being maintained below 7 
by the addition of 1 M perchloric acid. When addition of 
ethyleneimine was complete, the pH was adjusted to 4.5 and 
the reaction was incubated at 20-25°C. At 24 hour intervals 
0.6 ml of ethyleneimine was added and the pH readjusted to 
4.5. After 96 hours, the solution was poured into 10 volumes 
of acetone at -10°C. The oil which formed was collected, 
washed with ether, and dissolved in approximately 50 ml of 
water in a flask. 

The resulting solution was adjusted to pH 7.0-7.5 with 
1 N sodium hydroxide, and 1 gram of sodium bicarbonate was 
added. Nitrogen was bubbled through the solution for from 4 
to 5 minutes and 1 gram of sodium hydrosulfite was added. 
The flask was sealed tightly and allowed to stand at room 
temperature for 45 minutes. The solution was then oxygenated 
for 15 minutes and adjusted to pH 11.3 with sodium hydroxide. 
The solution was heated at 75°C for 1 hour. Then the reaction 
mixture was cooled to room temperature and 0.6 grams of 
tris- (hydroxymethyl) -aminomethane was added, followed by 5 N 
hydrochloric acid to adjust the pH to 7.5. To the resulting 
solution was added 1000 International units of alcohol 
dehydrogenase and 1 ml of acctaldehydc . The decreasing 
optical density of the reaction mixture was monitored at 340 
nm and when no further decrease was observed, the pi I was 




adjusted to 3.5 . The solution was poured into ' 0 volumes of 
acetone at -10°C. Tlic oil which formed was separated and 
washed with ether, after which it was dissolved in 10 to IS 
ml of water. 

The resulting solution was introduced into a 2.5x90 cm 
column of Sephadcx G-10, available from Pharmacia AB, 
Uppsala, Sweden, equilabrated with water. Fractions of 12 
ml volume were collected. The wavelength of maximum optical 
absorption in the ultraviolet region and the optical density 
at such wavelength were determined for each fraction. Also, 
the optical density at 340 nm of each fraction after reduc- 
tion with alcohol dehydrogenase was determined. The frac- 
tions which had an optical absorption maximum at 264 nm and 
had a ratio of optical density at 340 nm to that at 264 nm 
greater than 0.05 were pooled. The pooled material was 
concentrated to from 15 to 20 ml on a rotary evaporator and 
passed through a 2.5x28 cm column of Dowex 1-X8, available 
from Bio-Rad Laboratories, Richmond, California, equilabrated 
with water. Additional water was added to wash the pooled 
material through the column, and 10 ml fractions were 
collected. The fractions which had an optical absorption 
maximum at 264 nm and had a ratio of optical density at 340 
nm to that at 264 nm greater than 0.1 were pooled. 

The pooled material was passed through a 5x4 5 cm 
column of Dowex 50-X2, available from Bio-Rad Laboratories, 
Richmond, California, equilibrated with water. Additional 
water was added to wash the pooled material through the 
column and 20 ml fractions were collected. The fractions 

i 
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which had 




optical absorption maxi 




at 2 .4 nm and had a 



ratio- of optiTcal density at 340 nm to that at 264 nm greater 
than 0.18 were pooled. The pooled material was concentrated 
to from 4 to 5 ml and purified by electrophoresis as follows 

The concentrated material was applied to a sheet of 
Whatman 3 MM paper, available from Reeve Angel, Clifton, New 
Jersey , . in - a 1 to 2 cm wide strip perpendicular to the 
direction of current flow. The paper was then wetted with 
0.02 M sodium phosphate at pH 6.0. Electrophoresis was 
conducted according to the Durrum hanging paper method, as 
described in. Science 222:829 (1955) , for 4-7 hours with a 
potential gradient of about 8.5 volts/cm. The location of 
the desired pyridine nucleotide derivative was determined by 
fluorescence developed after spraying a test strip of the 
paper with 0.5 M sodium cyanide according to the procedure 
described in J. Biol. Chem. 252:447(1951). The area contain 
ing the desired derivative was cut out of the paper and 
extracted with three (3) 50 ml volumes of water. The result 
ing extracts containing nicotinamide 6- (2-aminoethylainino) 
purine dinucleotide were pooled, concentrated to from 3 to 4 
ml, and stored at -20°C. 



Preparation of nicotinamide adenine dinucleotide 
-biotin conjugate. 

A 16 mg quantity of biotin was suspended in 1 ml of 
water containing 22 my, oT nicotinamide 6- (2- ami noothy .1 amino) 



EXAMPLE 2 



purine dinucleotide prepared as in Hxamplc 1. A few drops 
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of 0.1 N sodium hydroxide was added to aid dissolution of 
the biotin. A 240 mg quantity of l-cyclohexyl-3- (2-morpho- 
linoethyl) -carbodiimide metho-p- tolulene sulfonate was added 
to the resulting solution and brought into solution by 
dropwise addition of 0,1 N hydrochloric acid. The reaction 
mixture was allowed to incubate at room temperature for 5 
hours and was then poured into 10 ml of acetone at -10°C. 
The oil which, formed was separated, washed twice with from 5 
to 10 ml of ether and dissolved in from 1 to 2 ml of water. 
The resulting material was purified by electrophoresis on 
paper as in Example 1. Two fluorescent bands appeared after 
spraying with sodium cyanide, one having migrated toward the 
cathode and the other toward the anode. The latter band, 
which contained the NAD-biotin conjugate, was eluted with 
water and stored at -20°C. 

EXAMPLE 3 

Preparation of nicotinamide adenine dinucleotide 
-2,4 dinitrophenyl conjugate. 

A 26 mg quantity of sodium bicarbonate was dissolved in 
1.5 ml of water containing 23 mg of nicotinamide 6- (2 
-aminoethylamino) purine dinucleotide prepared as in Example 
1. To the resulting solution was added 3 ml of ethanol 
containing 17 yl of 2,4 dinitrof luorobenzene . The reaction 
mixture was stirred at room temperature in the dark Tor 5 
hours after which 45 ml of acetone at -10°C was added there- 
to. The precipitate which formed w;is separated, washed 
twice with 10 iiil-oT acetone, and stirred with 5 ml o f 
watcr. The yellow soluble material which separated was 
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purified by electrophoresis on paper as in Example 1 for 5 
hours. The band which migrated toward the anode, and which 
contained the NAD- 2, 4 dinitrophenyl conjugate, was eluted 
with water, concentrated to from 3 to 5 ml, and stored at 
5 -20°C. 

EXAMPLE 4 

Preparation of biot in-umbellif erone conjugate. 
A reaction mixture was formed by dissolving in 10 ml of 
dimethylf ormamide 100 mg of umbellif erone , 167 mg of biotin, 

10 and 141 mg of dicyclohexyl carbodiimide. The reaction 

mixture was incubated at -18°C for about 4 hours, then 
overnight at 7°C and allowed to stand at room temperature 
for from 3 to 4 hours. An additional 141 mg of dicyclohexyl - 
carbodiimide was added and the reaction mixture was stirred 

15 at 7°C for from 3 to 4 hours and allowed to stand at room 

temperature overnight. The resulting precipitate was fil- 
tered off and discarded. To the filtrate was added 75 ml of 
ice water, and the resulting mixture was incubated at 0°C 
for 1 hour. The precipitate which resulted was filtered off 

20 and discarded. The filtrate was evaporated to dryness and 

the residue dissolved in from 3 to 4 ml of methylene chloride 
To the resulting solution was added 5 ml of diethylether . 
.The resulting precipitate which comprised the biotin-umbelli- 
ferone conjugate was filtered off, dried, and stored at room 

2 5 temperature. 
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. . EXAMPLE 5 

Effect of avidin and bio tin on the enzymatic cycling 
rate of NAD and NAD-biotin conjugates. 

The cycling reaction system used in this Example was 
based on the following reactions: 

, ^ * lactic 

(a) NAD-ligand + lactate dehydrogenase 

' NADH-ligand + pyruvate 

. ,. diaphorase 

(b) NADH-ligand + thiazolyl blue (oxidized) 

NAD-ligand + thiazolyl blue (reduced) 

Eight specific binding reaction mixtures were prepared, each 
having a total volume of 0.5 ml and containing 0.12 M N,N 
bis-2-hydroxye.thylglycine hydrochloride buffer at pH 7 . 8 and 
respectively containing the concentrations and activities 
indicated'in Table 1 of NAD, NAD-biotin conjugate prepared 
as in Example 2, biotin, and avidin, which latter has an 
affinity for binding with biotin. One (1) unit of avidin 
activity is that quantity of avidin capable of binding 1 yg 
of biotin. The reaction mixtures were incubated at room 
temperature for from 2 to 3 hours. Each reaction mixture 
was contacted. with an aqueous enzyme/substrate mixture by 
the addition of 0.1 ml of 1 M lithium lactate, 0.05 ml of 10 
mM thiazolyl .blue in its oxidized form, and a sufficient 
quantity of 0.12 M N , N bis - 2 -hydroxyethy lglycine hydrochloride 
bull-cr at pll 7.8 containing 0.38 International units of 
bovine heart lactic dehydrogenase, and 1.5 International 
lits of porcine heart diaphorase to give a total reaction 
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volume of 1*1. The native rate of production of the 
reduced for. Of thiazolyl blue was then deterged in each 
of the reaction .natures by neasuring the total change ,n 
the optical density in each thereof at S70 n« during a 24 
minu te period within the first hour after the addition of 
the enzyme/substrate fixture. The entire procedure was 

. ^ „a th«» averaeed results appear in 
performed in duplicate and the average 

Table 1. 



- 68 - 



a> +-» 

10 »H 

o « 6 
h <u c 

Pi o 

•H r-H 

o o 
»h a, 

fl> o 

> 





to 




to 


ro 


LO 




i-H 


O 


0 




0 


O 






O 


O 


1— l 


0 


0 


1— 1 


0 


O 


O 


O 


O 


0 


0 


0 


0 


O 













•H 




> 




•H 








O 


4-* 


aj 


•H 




C! 


C 




•H 


> — ' 






•H 




> 




a5 





o 

o c: 

cd £ 

c o 

<L> *H 

a x> 

o 
u 



o 

vO 

to 



o 

vO 

10 



m » 

O 2 
•I— » 

O O f-s 

+-> 0 
c: o +j 

L) *0 DO 

c: 1 

O Q 
u < 

2: 



o 

vO 

to 



o o 
to to 



o 

c: 
o 



4-j a 

■ 0 x: 
o 
c 
o 
o 



o 

CsJ 



o 



u 



to 



- 69 - 



Reactions 1, 4 > anc * 8 were controls and show that in 
the absence- "of- NAD and the NAD-biotin 'conjugate essentially 
no cycling occurred. The results of reactions 2 and 3 
demonstrate that the NAD-biotin conjugate has a significant 
amount of coenzyme activity relative to native NAD. It can 
be seen from the results of reactions 3 and 6 that the 
presence of avidin in the reaction mixture inhibits the for- 
mation of thiazolyl blue (reduced foi~m) where the NAD present 
is conjugated' with biotin. By comparing the results of 
reactions 6 and 7 it can be seen that the presence of free 
biotin reduces the amount of inhibition of thiazolyl blue 
(reduced form) formation in proportion to the concentration 
of biotin in the reaction mixture. 

It was thus demonstrated in this Example that the 
activity of the NAD in the NAD-biotin conjugate relative to 
the cycling reaction system was decreased in the presence of 
avidin and that the magnitude of such decrease in activity 
was reduced by the additional presence of biotin. 

EXAMPLE 6 

Direct binding-cycling assay for avidin; effect of 
varying levels of avidin on the cycling rate. 

The cycling reaction system used in this Example was 
the same as that diagrammed in Example 5. Seven specific 
binding reaction mixtures were prepared, each having a total 
volume of 0.6 ml ami each cont ain in<; 0.12 M N,N his-2- 
hyilroxycthylnlycinc hydrochloride buffer at pll 7.8 and 
Z.sO nM KAI)-li iot in conjugate prepared as in Hxampic 2. Six 
of the reaction* mixtures also contained ovidin in the ^ 
amounts indicated in Table 2. 
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The^lr eaction mixtures were incubated at room tempera- 
ture "for from 2 to 3 hours. Each reaction mixture was 
contacted with an aqueous enzyme/substrate mixture by the 
addition of 0,1 ml of 1 M lithium lactate, 0.05 ml of 10 mM 
5 thiazolyl blue in its oxidized form, and a sufficient quan- 

tity of Q.12 M N , N bis-2-hydroxyethylglycine hydrochloride 
buf f er at 'pH "7 .8 containing 0.38 International units of 
bovine heart lactic dehydrogenase and 1.5 International 
units of porcine heart diaphorase to give a total reaction 
10 volume of 1 ml. The relative rate of production of the 

! ' reduced form of thiazolyl blue was then determined in each 

of the reaction mixtures by measuring the total change in 
the optical density in each thereof at 570 nm during a 24 
minute period within the first hour-after the addition of 
J 15 the enzyme/substrate mixture. The ratio, expressed as 

percent, of the change in optical density in each reaction 
mixture containing avidin to that in the reaction mixture 
! not containing avidin was calculated and is referred to in 

Table 2 and Figure 1 as the relative cycling rate. ,The 
20 results appear in Table 2 and in graphical form in Figure 1 

of the drawing. 

TABLE 2 

amount of relative 
reaction avidin added cycling 

: 25 ^ ' mixture (units) rate (%) 

1 0.000 100 

2 0.005 96 

3 0.010 93 

4 0.045 84 
30 5 0.090 68 

| 6 0.120 51 

7 0.180 8 
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It was demonstrated in this Example that the relative 
cycling rate of the cycling reaction system, and thus the 
activity of the NAD in the NAD-biotin conjugate, was an 
inverse function of the amount of avidin present in the 
specific binding reaction mixture. The present invention 
therefore provides a test composition and method for quanti- 
tatively .determining the presence of the ligand avidin in a 
liquid medium using a direct binding- cycling assay technique. 

EXAMPLE 7 

Competitive binding-cycling assay for biotin; effect of 
varying levels of biotin on the cycling rate. 

The cycling reaction system used in this Example was 
the same as that diagrammed in Example 5. Seven specific 
binding reaction mixtures were prepared, each having a total 
volume of 0.45 ml and each containing 0.12 M N,N bis-2- 
hydroxyethylglycine hydrochloride buffer at pH 7.8 and 180 
nM NAD-biotin conjugate prepared as in Example 2. Six of 
the reaction mixtures, i.e. nos. 1 through 6 in Table 3, 
additionally contained 0.11 units of avidin. Also, biotin, 
at the concentrations indicated in Table 3, was included in 
five of the six reaction mixtures containing avidin, i.e. 
mixtures 2 through 6 in Table 3. 

The reaction mixtures were incubated at room tempera- 
ture for from 2 to 3 hours. Each reaction mixture was 
contacted with an aqueous enzyme/subs t :ra tc mixture iy the 
addition of 0.1 ml of 1 M lithium lactate, 0.05 ml of 10 r.iM 
thiazolyl blue in its oxidized form and a sufficient quan- 
tity of 0.12 M.N, N bis-2-hydroxycthylglycinc hydrochloride 



buffer at pH 7.8 containing 0.38 International units of 
bovine, heart lactic dehydrogenase and '1 . 5 International 
units of porcine heart diaphorase to give a total reaction 
volume of 1 ml. The relative rate of production of the 
reduced form of thiazolyl blue was then determined in each 
of the reaction mixtures by measuring the total change in 
the optical density in each thereof at 570 nm during a 24 
minute period within the first hour after the addition of 
the enzyme/substrate mixture. The ratio, expressed as 
percent, of such change in optical density in each reaction 
mixture containing biotin to that in the reaction mixture 
not containing either biotin or avidin was calculated and is 
referred to in Table 3 and Figure 2 as the relative cycling 
rate. The results appear in Table 3 and in graphical form 
in Figure 2 of the drawing. 



reaction 
mixture 


TABLE 3 

concentration 
of biotin 
(nM) 


relative 
cycling 
rate (%) 


1 


0 


8 


2 


80 


22 


• 3 


160 


35 


4 


320 


63 


5 


400 


80 


6 


800 


92 



It w;is demons tinted in this Hxamplc that the rela 
cycling rate of the cycling reaction system, and thus 
activity of the NAD in the NAD-biotin conjugate, was :» 



direct function of the amount of biotin present in the 
specific binding reaction mixture. The present invention 
therefore provides a test composition and method for quanti- 
tatively determining the presence of the ligand biotin in a 
liquid medium using a competitive binding-cycling assay 
technique. 

EXAMPLE 8 

Direct binding-cycling assay for antibody to 2,4 
dinitrophenyl and derivatives thereof. 

The cycling reaction system used in this Example was 
the same as that described in Example 5. Eight 0.6 ml 
specific binding reaction mixtures were prepared, each 
containing 0.12 M N,N bis-hydroxyethylglycine hydrochloride 
buffer at pH 7.8 and respectively containing the amounts and 
concentrations indicated in Table 4 Of NAD, NAD- 2, 4 dinitro- 
phenyl conjugate prepared as in Example 3, antiserum to 2,4 
dinitrophenyl, and nicotinamide mononucleotide (NMN) . The 
reaction mixtures were incubated at room temperature for 
from 3 to 4 hours. Each reaction mixture was contacted with 
an aqueous enzyme/substrate mixture by the addition of 0.1 
ml of 1M lithium lactate, 0.05 ml of 10 mM thiazolyl blue in 
its oxidized form, and a sufficient quantity of 0.12 M N,N 
bis-hydroxyethylglycine hydrochloride buffer at pH 7.8 
containing 0.38 International units of bovine heart lactic 
dehydrogenase mikI .1.5 J n t erna t i on;i 1 units of porcine heart 
diaphorasr to r..ive a total reaction volume of 1 ml. The 
relative vale of production of the reduced form of thiazolyl 
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blue was determined in each of the reaction mixtures by 
measuring the total chan g e in the optical density in each 
thereof at 570 nm during a 24 minute period within the fir.t 
hour after the addition of the enzyme/ substrate mixture. 
The entire procedure was performed in duplicate and the 
averaged results appear in Table 4. 
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Reaction 1 was a control and shows that in the absence 
of NAD and the NAD-2,4 dinitrophenyl conjugate essentially 
no cycling occurred. From the results of reaction 2 it is 
demonstrated that the NAD-2 ,4 dinitrophenyl conjugate is 
active in the enzymatic cycling system. The results of 
reactions 3 and 5 indicate that the presence of antibody to 
2,4 dinitrophenyl inhibits the cycling of NAD. As shown by 
tKe results of reaction 6, such inhibition is reversed by 
addition of NMN. From the results of reactions 3 and 4 it 
is seen that the cycling rate in the presence of NMN is 
about 15% greater than in its absence. This result is 
probably due to contamination by extraneous NAD because 
other measurements have shown that NMN does not influence 
the cycling rate in the absence of antibody. Nevertheless, 
the antiserum contains some activity with respect to NAD 
itself which activity is inhibited by the presence of NMN, 

It was thus demonstrated in this Example that the 
activity of the NAD in the NAD-2,4 dinitrophenyl conjugate 
relative to the cycling reaction system was decreased in the 
presence of antibody to 2,4 dinitrophenyl. The present 
invention therefore provides a test composition and method 
for determining the presence of the ligand antibody to 2,4 
dinitrophenyl in a liquid medium using a direct binding 
-cycling assay technique. 

KXAMPU: 9 

Compct i I i vc I) i ml i nj»-cycl i nil :i ssay for 2 , 4 -d i n i l robcnr.fnc 

and derivatives, .thereof ; effect of various levels of N 

(2,4 d Lni troplvcnyl ) -6-ami.noc.apronte on the cycling r;ltc. 



The cyclin^reaction system used in ^ffs Example was 
the same as that diagrammed in Example 5. Seven specific 
binding reaction mixtures were prepared, each having a total 
volume of 0.6 ml and each containing 0,12 M N,N 
bis-hydroxyethylglycine hydrochloride buffer at pH 7.8, 300 
nM NAD-dinitrophenyl conjugate prepared as in Example 3, and 
50 pM nicotinamide mononucleotide. Six of the seven reac- 
tion mixtures, i.e. nos. 1 through 6 in Table 5, also 
contained an amount of antibody to 2,4 dinitrophenyl suffi- 
cient to inhibit the cycling rate of the other reaction 
mixture by 85 percent. N (2,4 dinitrophenyl) - 6-aminocaproate , 
a derivative of 2,4 dinitrobenzene prepared by the method 
described in Biochem. «7. 42:287(1948), was also included in 
five of the six antibody-containing reaction mixtures, i.e. 
nos. 2 through 6 in Table 5, at the concentrations indicated 
in said Table. ...... . . . 

The reaction mixtures were incubated at room tempera- 
ture for about 4 hours. Each reaction mixture was contacted 
with an aqueous enzyme/substrate mixture by the addition of 
0.1 ml of 1 M lithium lactate, 0.05 ml of 10 mM thiazolyl 
blue in its oxidized form, and a sufficient quantity of 0.12 
M N,N bis-hydroxyethylglycine hydrochloride buffer at pH 7.8 
containing 0. 38 . International units of bovine heart lactic 
dehydrogenase and 1.5 International units of porcine heart 
diaphorase to give a total reaction volume of 1 ml. The 
relative rate of production of the reduced form of tliiar.olyl 
blue was determined in each of the reaction mixtures by 
measuring the total change in the optical density in each 
thereof at 570 nut during a 24 minute period within the first 
hour after the addition of the en :.y me/ subs t r a I e mix I inc., 
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20 
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The ratio, expressed as percent, of such change in optical 
density in each reaction mixture containing N (2,4 
dinitrophenyl)-6-aminocaproate to that in the reaction 
mixture containing neither N (2,4 dinitrophenyl) -6-amino- 
caproate nor antibody to 2,4 dinitrophenyl was calculated 
and is referred to in Table 5 and Figure 3 as the relative 
cycling rate. The results appear in Table 5 and in graphi 
cal- form in Figure 3 of the drawing. 



TABLE 5 



concentration of relative 
10 reaction N • (2 , 4 dinitrophenyl) ^ling 

10 mixture -6-aminocaproate (nM) rate 



1 
2 
3 
4 
5 
6 



0 
17 
42 
83 
166 
415 



16 
19 
30 
35 
41 
76 



It was thus demonstrated in this Example that the 
relative cycling rate of the cycling reaction system, and 
thus the activity of the NAD in the NAD-dinitrophenyl con- 
jugate, was a direct function of the amount of N (2,4 
dinitrophenyl) -6-aminocaproate present in the specific bind- 
ing reaction mixture. The present invention therefore 
provides test composition and method lor quantitatively 
determining the presence of the ligand N (2,4 dinitrophenyl) 
-6-aminocaproate in a liquid medium us:in, a co.npetit.vc 
binding-cycling assay technique: , 
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was centrlfuged at ISOOxg for 10 minutes and the peXlet was 
discarded. The light-generating solution was then prepared 
within 5 Minutes of use by combining 7S pi of the reagent 
fixture, S .1 of the dodecanal emulsion, and 20 „1 of the 

luciferase solution. 

To detect the light produced by reaction (.) a photo- 
meter was constructed consisting of a photodetector and a 6 
x SO » cuvette mounted within a light integrating sphere 
such that light generated in the cuvette was reflected onto 
th e photodetector. The electronic signal produced by the 

j r\ *a ctrii5 chart recorder. The 
photodetector was passed to a strip char 

pea, light intensity, as the term is used herein, was mea- 
sur ed from the recorder trace and, assigned arbitrary unrts 
based on the chart paper divisions. 

Nine specific binding reaction mixtures -r. pre." ,d. 

„ i „ tris- Chydroxymethyl) -aminomethane hydrochloride 
buffer at P H S.O. 0.01 M semicarba.ide hydrochloride, and 
respectively the amounts or concentrations indicated rn 
Table 6 of ethanol. NAD , NAD-biotin conjugate prepared 
Bxample biotin. and avidin. The reaction «™«" ™ 
incubated at room temperature for 10 minutes. The -OS 

Xnternational units of alcohol dehydrogenase was added 
" each reaction mixture to initiate a reduction reac ion 

S „„,,carba*ide combines with the acetaldehyde product 

action CO to form a semitone ,,d 

reaction (c) in the desired direction. 

> 
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The reaction mixtures were incubated at room tempera- 
ture for about 30 minutes. A 10 yl volume of each reaction 
mixture Avas then injected into a separate cuvette mounted in 
the photometer previously described and containing 100 yl of 
the previously prepared light-generating solution which had 
been pre-incubated at 28°C for from 2 to 3 minutes. The 
results appear in Table 6. 
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Reactionf^L, 4, and 7 were controls^fcid show that in 
the absence of ethanol essentially no reaction occurred. 
The result, from reaction 5 demonstrates that the NAD-biotin 
conjugate i'S active in the bioluminescence reaction system. 
It can be seen from the results of reactions 5 and 6 that 
the presence of avidin in the reaction mixture : -'.ibits the 
amount of light produced. From a comparison of the results 
of reactions 6 and 8 it is seen that the presence of free 
biotin reduces, the amount of inhibition of light production 

as the concentration of biotin increases in the reaction 
mixture. Reactions 2 and 3 demonstrate that avidin does not 

inhibit the activity of free NAD and reactions 5 and 9 show 

that the presence of biotin alone does not affec the 

activity of the NAD-biotin conjugate. 

It was thus demonstrated in this Example that the 

activity of the NAD in the NAD-biotin conjugate relative to 
. the bioluminescense reaction system was decreased in the 

presence of avidin and that the magnitude of such decrease 

in activity was reduced by the additional presence of biotin. 

EXAMPLE 11 

Competitive binding-bioluminescence assay for i^otin; 
effect of varying levels of biotin on the peak lignt inten- 
sity produced. 

The bioluminescence reaction system used in this Example 
was the same as that diagrammed in Example 10. Seven specific 
binding reaction mixtures were prepared, each having a total 
volume of 0.2 ml and each containing 0.1 M tvis- (.hyd roxy - 
methyl)-aminomethane hydrochloride buffer at. P H 8.0, 0.6 M 
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ethanol, 0.01 M semicarbazide hydrochloride, 343 nM NAD 
-bxotin conjugate prepared as in Example 2, 0.025 Inter- 
national units of alcohol dehydrogenase, and O.O'S units of 
avidin. Biotin was added to six of the seven reaction 

ixtures, i.e. nos. 2 through 7 in Table 7, in the concen- 
trations indicated in said Table. The order and manner of 
addition was the same as in Example ^, 

The reaction mixtures were incubated at room tempera- 
ture for about 30. minutes. A 10 yl volume of each reaction 
mixture' was injected into a separate cuvette mounted in the 
photometer described in Example 10 and containing 100 yl of 
a light-yielding solution prepared in the. manner described 
in Example- 10 and pre- incubated at 28°C for from 2 to 3 
minutes. The entire procedure was run in duplicate, and the 
averaged results appear in Table 7 and in graphical form in 
Figure 4 of the drawing. 

TABLE 7 

— average 

reaction " concentration^ peak Ujht 



mixture 

.1 
2 



5 
6 
7 



50 
100 

.1 SO 
2 00 
3(H) 



36 
44 

57 
79 
90 
97 
ID4 
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It was f^bs demonstrated in this I^^nple that the 
magnitude of the peak light intensity produced by the bio- 
luminescence reaction system, and thus the activity of the 
N\D in the NAD-biotin conjugate, was a direct function of 
the amount of biotin present in the specific binding reac- 
tion mixture. The present invention therefore provides a 
test composition and method for quantitatively determining 
the presence of the ligand biotin in a liquid medium using a 
competitive bihding-bioluminescence assay technique. 

EXAMPLE 12 

Competitive binding-bioluminescerice assay for 
2,4 dinitrobenzene and derivatives thereof; effect of 
various levels of N (2,4 dinitrophenyl) -6-aminocaproate on 
the peak light intensity produced. 

The. bioluminescence reaction system used in this Example 
was the same as that diagrammed in Example 10. Seven speci- 
fic binding reaction mixtures were prepared, each having a 
total volume of 0.1 ml and each containing 0.1 M tris- 
(hydroxymethyl)-aminomethane hydrochloride buffer at pH 8.0, 
0.01 M semicarbazide hydrochloride, 0.6 M ethanol, 35 uM 
nicotinamide mononucleotide, and 367 nM NAD-dinitrophenyl 
conjugate prepared as in Example 3. N (2,4 dinitrophenyl) - 
6-aminocaproate was added to six of the seven reaction 
mixtures, i.e. nos. 2 through 7 in Table 8, at the concen- 
trations indicated in said Tabic, and to each of said six 
reaction mixtures was also acMC an amount of antibody to 
2, A dinitrophenyl sufficient to reduce the |u a k ii.f.ht 
intensity produced to 391 of that produced in t.ic absence of 

N n A dinitrophenyl W>-aminocaproate and antibody to 2,4 
v * i 

d\ nitrophcnyl . 



86 - 



10 



The reaction mixtures were incubated at room tempera- 
ture for 3. hours. Then, 0.025 International units of alco- 
hol dehydrogenase was added to each reaction mixture to 
initiate a reduction reaction. The reaction mixtures were 
then incubated at room temperature for about 30 minutes. A 
10 yl volume of each reaction mixture was injected into a 
separate cuvette mounted in the. photometer described in 
Example 10 and containing 100 yl c a light-generating 
solution prepared in the manner described in Example 10 and 
pre-incubated at 28°C for from 2 to 3 minutes. The entire 
procedure was run in duplicate, and the averaged results 
appear in Table 8 and in graphical form in Figure 5 of the 
drawing. 
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reaction 
mixture 

1 
2 
3 
4 

5 
6 
7 



TABLE 8 

concentration of average 

N (2 4 dinitrophenyl) peak light 

-6-aminocaproate yM) intensity 



0.00 
0.125 
0.25 
0. 50 

0. 75 
1.00 

1. 50 



14 

17 

20 

22 

24 

27 

28 



25 



It w:,s thus demonstrated in this l-xsnnplc that the 
iiri(in;tmlo of Ultf pC!lk intensity produced by the bio- 

W.nescence reaction syste.n, and thus the activity ol the 
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NAD in the NAD-2,4 dinitrophenyl conjugate, was a direct 
function of the amount of N (2,4 dinitrophenyl) -6-aminocapr 
ate present in the specific binding reaction. The present 
invention therefore provides a test composition and method 
for quantitatively determining the presence of the ligand K 
(2,4 dinitrophenyl) -6-aminocaproate in a liquid medium usin 
a competitive binding-bioluminescense assay technique. 
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EXAMPLE 13 

Specific binding assays for biotin and avidin employ ir. 
an enzyme substrate as labeling substance. 

The specific binding assay system used in this Example 
was based on the following reaction 




0 
II 



0 

N N 



0 -C-(CH 2 ) 4 



e stera se 
n 2 0, pll '8.0 



uinbellif erone-biotin conjugate 
(maximum fluorescence at 378 nm) 




biotin 



20 



(maximum fluorescence at 448 nm) 



Ton specific binding reaction mixtures wore prepared, 
c;ich having a total voUmhc oT 0.3 ml and each .on t a i n i « 
M tris-ll.yilroxymcthyl)-amjnumothano liyd roc h I o r i do luiflVr a 
pll 8.0 and the respective amounts or concentrations ot 
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umbelliferone-biotin conjugate prepared as in Example 4, 
biotin, and avidin indicated in Table 9. The reaction 
mixtures were incubated at room temperature for from 1 to 3 
minutes. Reaction mixtures nos. 2 through 10 in Table 9 
each also contained 0.26 International units of bovine liver 
carboxylate hydrolase (esterase). The relative reaction 
rate in each of the reaction mixtures was then determined by 
monitoring the fluorescence produced by each thereof at 448 
nm with a Model 111 Turner flu xometer (available from G.K. 
Turner Assoc., 2524 Pulgas Street, Palo Alto, California) 
set for excitation at 364 nm. The electronic signal produced 
by the fluorometer was passed to a strip chart recorder, and 
the amount of fluorescence produced per minute was measured 
from the recorder trace and assigned arbitrary units based 
on the chart paper divisions. The results appear in Table 
9. 
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faction a was a contro! and shows that in the absence 
of esterase™ reaction occurs . resuits ^ reactiQns 

and 3 demonstrate that the umbelliferone-biotin c 

was active i n the enzymatic re ,«i™ 

' leaction, and comparing such 

-suits to those of reactions 4 through . demonstrates that 
he presence of avidin inhibits the ^ ^ 

t«n to *he amount of avidin in the reaction • 

Liie reaction mixture 

Comparing the resuits of reactions S. 9 , and 10 shms th „ 
the amount of inhibition of the reaction rate by avidin is a 
Oxrect function of the amount of biotin present in the 
reaction mixture. 

It was thus demonstrated in this Example that the rate 
of fluorescence produced by the esterase reaction, and thus 
the substrate activity of the umbeiiiferone-biotin conjugate 
was decreased by the presence of avidin and that the magni- ' 
tude of such decrease in activity W as reduced by the presence 
of brotin. The present invention therefore provides a test 
composition and method for determining the presence of the 
"Sands biotin and avidin i„ . liquld mediun , uslng _ ^ 

f«= binding assay technique employing an enzyme subs'trate as 
the labeling substance. 
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WHAT IS CLAIMED- IS : 

. ■ 

1. A method of assaying a liquid medium for a ligand 
which method comprises the steps of: 
(1) contacting said medium 

(a) with a conjugate comprising a substance which 
exhibits given reactant activity as a constitu 
eht of a predetermined reaction, said sub- 
stance being coupled to a specific binding 
substance , 
which latter is 

(i) said ligand, 

(ii) a specific binding analog of said 
ligand, or 

(iii) a specific binding partner of said 
. ligand, 

(b) and, if said specific binding substance is 
said ligand or said specific binding analog 
thereof, with a specific binding partner 
of said ligand; and 
(2) thereafter assessing any resulting change in 

said reactant activity as an indication of the 
-presence of said ligand in said liquid medium. 



2.. Ajnethod as in Claim 1 wherein the assessment of 
change in said reactant activity comprises the steps of: 
contacting said medium with at least one second 
substance which forms, with said first -mentioned sub- 
stance, said predetermined reaction, and 

comparing a characteristic of the resulting reac- 
tion to that of said predetermined reaction in a 
liquid medium devoid of said ligand, any difference 
therebetween being an indication of a change in said 
reactant activity. 

3, A method as in Claim 1 wherein assessment of 
change in said reactant activity comprises the steps of: 

contacting said medium with at least one second 
substance which forms, with said first-mentioned sub- 
stance, said predetermined reaction, and 

comparing a characteristic of the resulting reac- 
tion to that of said predetermined reaction in liquid 
media containing known amounts of said ligand.' 

4, A method as in Claim 3 wherein said characteristic 
is reaction rate. 

5, A method as in Claim 3 wherein. said predetermined 
reaction includes a cyclic reaction. 



<)3 



6, A method as in Claim S wherein a cycled material 
said cyclic reaction is said first-mentioned substance. 



7. A method as in Claim S wherein said cyclic reac- 
tion is an exponential cyclic reaction. 

8 ' A method as in Claim 7 wherein a cycled material 
in said cyclic reaction is said first-mentioned substance. 

9 . A method as in Claim 3 wherein said predetermined 
reaction includes a luminescent reaction. 

10 A method as in Claim 1 wherein said specific 
binding substance in said conjugate is said ligand ov a 
specific binding analog of said ligand and whe.ein sa.d 
specific binding partner is contacted substantially simul- 



taneously wi 



ith said conjugate and said medium. 



u A method as in Claim 10 wherein said specific 
binding partner is contacted with said medium and said con- 
jug ate in an amount less than that capable of binding wxth 
.11 of said ligand in said medium and all of said ligand or 
analog thereof in conjugated form during the time 
sp P cific binding partner, said conjugate, and said me.Uum 
arc in contact prior to step (2). 
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1<3. A method as in Claim 15 wherein the amount of said 
ligand or analog thereof in conjugated form is in excess of 
that capable of binding with the amount of said specific 
binding partner present during the time that said conjugate 
and said specific binding partner are in contact prior to 
contact with said medium, and wherein the amount of said 
ligand or analog thereof in conjugated form which becomes 
bound to said specific binding partner is in excess of that 
capable of being displaced by all of said ligand in said 
liquid medium during the time that said specific binding 
partner and said medium are in contact prior to step (2) . 

17. A method as in Claim 1 wherein said specific 
binding substance in said conjugate is said ligand or a 
specific binding analog of said ligand and wherein said con- 
jugate and said specific binding partner are in the form of 
a complex, said specific binding substance in said conjugate 
and said specific binding partner being reversibly bound to 
each other. 

18. A method as in Claim 17 wherein the amount of said 
ligand or analog thereof in conjugated form is in excess of 
that capable of being displaced by all of said ligand in 
said liquid medium during the time that said complex and 
said medium are in contact prior to stop (2). 
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19. A method as in Claim 1 wherein said ligand is 
selected from the group consisting of antigens and anti- 
bodies thereto; haptens and antibodies thereto; and hor- 
mones, vitamins, metabolites, and pharmacological agents, 
and their receptors and binding substances. 

20. A method as in Claim 1 wherein said liquid medium 
is a biological fluid. 

21. A method as in Claim 1 wherein said predetermined 
reaction is enzyme-catalyzed. 

22. A method as in Claim 21 wherein said first-mentioned 
substance is an enzyme substrate. 

23. A method as in Claim 21 wherein said first-mentioned 
substance is a coenzyme. 

24. A method as in Claim 21 wherein said first-mentioned 
substance is a nucleotide coenzyme. 

25. A method as in Claim 21 wherein said first-mentioned 
substance is selected from the group consisting of the 
adenosine phosphates, nicotinamide adenine dinucleotide and 
reduced forms, thereof , and nicotinamide adenine dinucleotide 
phosphate and reduced forms thereof. 
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26. A method as in Claim 21 wherein said first-mentioned 
substance is nicotinamide adenine dinucleotide or a reduced 
form thereof. 

27. A method as in Claim 21 wherein said first-mentioned 
substance has a molecular weight of less than 9000. 

• 28. A method as in Claim 21 wherein said first-mentioned 
substance has a molecular weight of less than about 5000. 

29. A method as in Claim 21 wherein the assessment of 
change in said reactant activity comprises the steps of: 
contacting said medium with at least one second 
substance which forms, with said first-mentioned sub- 
stance, said predetermined reaction, and 

comparing a characteristic of the resulting 
reaction to that of said predetermined reaction in 
liquid media containing known amounts of said ligand. 

30. A method as in Claim 29 wherein said characteris- 
tic is reaction rate. 

31. A method as in Claim 29 wherein said predetermined 
reaction includes a cyclic reaction. 

32. A method as in Claim 31 wherein a cycled material 
in :aid cyclic reaction is said 1" i rst -mentioned suhsta.ice. 
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33. A method as in Claim 32 wherein said characteris- 
tic is the cycling rate of said cyclic reaction. 

34. A method as in Claim 31 wherein said cyclic reac- 
tion is an exponential cyclic reaction. 

35. A method as in Claim 34 wherein a cycled material 
in said cyclic reaction is said first-mentioned substance. 

36. A method as in Claim 29 wherein said predetermined 
reaction includes a luminescent reaction. 

37. A method as in Claim 36 wherein said characteris- 
tic is the magnitude of the peak light intensity produced. 

38. A method. as in Claim 29 wherein said first-mentioned 
substance is an enzyme substrate, said conjugate has fluores- 
cent properties, and a product of said predetermined reaction 
has fluorescent properties which differ from those of said 
conjugate . 

39.. A. -thod as in Claim 37 wherein said characteris- 
tic is the rate of fluorescence production. 



40. A composition for use in a method of assaying a 
2 liquid medium for a ligand which composition comprises (a) a 

conjugate comprising a substance which exhibits given reac- 
4 tant activity as a constituent of a predetermined reaction, 

said substance being coupled to a specific binding substance, 
6 which latter is (i) said ligand, (ii) a specific binding 

analog of said ligand, or (iii) a specific binding partner 
8 of said ligand, and, if said specific binding substance is 

said ligand or said specific binding analog thereof, (b) a 
10 specific binding partner of said ligand, contact of said 

composition with a liquid medium containing said ligand 
12 causing said first-mentioned substance to exhibit reactant 

activity as a constituent of said predetermined reaction 
14 which is different from said given reactant activity. 

41. A composition as in Claim 40 wherein said pre- 
2 determined reaction is enzyme-catalyzed. 

42. A composition as in Claim 41 wherein said first 
2 -mentioned substance is an enzyme substrate. 

43. A composition as in Claim 41 x^herein said first 
2 -mentioned substance is a coenzyme. 

44. A composition as in Claim 41 wherein snid first 
: -mentioned substance is nucleotide coenzyme . 
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4S. A composition as in Claim 41 wherein said first 
-mentioned substance is selected from the group consisting 
of the adenosine phosphates, nicotinamide adenine dinucleotide 
and reduced forms thereof, and nicotinamide adenine dinudeotide 
phosphate and reduced forms thereof. 

46. A composition as in Claim 41 wherein said first 
-mentioned substance is nicotinamide adenine dinucleotide or 
a reduced form thereof. 

47. A composition as in Claim 41 wherein said first 
-mentioned substance has a molecular weight of less than 
9000. 

48. A composition as in Claim 41 wherein said first 
-mentioned substance has a molecular weight of less than 
about 5000. 

49. A composition as in Claim 41 which additionally 
comprises at least one second substance which forms, with 
said first-mentioned substance, said predetermined reaction. 

50. A composition as in Claim 49 wherein said pre- 
determined reaction includes a cyclic reaction. 

51. A composition as in Claim 50 wherein a cycled 
material in said cyclic reaction is said f i rst-nu-nl io,u-J 
substance. 
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52. A composition as in Claim 51 wrferein said first 
-mentioned substance is nicotinamide adenine dinucleotide or 
a reduced form thereof, and, in order to form said cyclic 
reaction, said at least one second substance comprises: 

(1) one of the following groups of substances 

(a) lactaldehyde and alcohol dehydrogenase; 

(b) a-ketoglutarate, a substance capable of re- 
leasing ammonia upon contact with said liquid 
medium, and glutamic dehydrogenase; 

• (c) acetaldehyde and alcohol dehydrogenase; 

(d) a-ketoglutarate, a substance capable of releas- 
ing carbon dioxide upon contact with said 
liquid medium, and isocitric dehydrogenase; 

(e) dehydroxyacetone phosphate and a-'glycerol 
phosphate dehydrogenase; 

(f) pyruvate and lactic dehydrogenase; 

(g) 1,3-diphosphoglycerate and glyceraldehyde 
-3-phosphate dehydrogenase; or 

(h) oxaloacetate and malic dehydrogenase; and 

(2) one of the following groups of substances 

(a) ethanol and alcohol dehydrogenase; 

(b) isocitrate and isocitric dehydrogenase; 

(c) L-ct-glycerol phosphate and a-glycerol 
phosphate dehydrogenase; 

(d) lactate and lactic dehydrogenase; 

(e) glyceraldehyde -3 -phosphate, phosphate, and 



glyceraldehyde - 3-phosphate dchyd rogcna sc ; 
(i") propanediol and alcohol dehydrogenase; 
(g) malate and malic dehydrogenase; or 
Ch) glutamatc and glutamic dehydrogenase. 



54. A composition as in Claim 5! wherein said first 

rationed SUbStan " ""^nucleotide or a reduced 

form thereof, and said at least one second substance cc- 

Pr ses nicotinamide adenine di» ucl e 0ti de p hosphate , oxldl2cd 

cytochrome C, and cytochrome c reductase. 

55. ' A composition as in Claim 51 wherein said first 
mentioned substance is fl avin adenine dinucieotide or a 

reduced form thereof, and said at least 

ast one second substance 
composes D-aminoacid and D-aminoacid oxidase. 

56. A composition as in Claim 51 wherein, said first 
-itioned substance is .-aminoacid or a -,etoacid, and said 
a least one second substance comprises L -a m inoacid oxidase 
glutamate, and transaminase. 

57. A composition as in Claim SI wherein said first 
mentioned substance is adenosine diphosphate or adenosine 
triphosphate, and said at least one second substance com- 
prises phosphoenol pyruvate, pyruvate kinase, and adenosine 

triphosphatase. 

58. A composition as in Claim 51 wherein said first 

mentioned substance is coenzyme A or succinyl-cocnzyme A 

and said at .least one second substance comprises o-keto.lu- 

taratc, nicotinamide adenine dinucieotide, -,- ke Lui; „„ ,,,, t e 

,il '" >>lr " n0ni,S "- l>"»*l"«'t e . S „ Ml , i , lc diphospna.c. .,„., ,„,,„„. 
thiokin.isc. 
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59. A composition as in Claim 51 wherein said first 
-mentioned substance is oxidized or reduced glutathione, and 
said at least one second substance comprises nicotinamide 
adenine dinucleotide phosphate, glutathione reductase, 
dehydroascorbate, and dehydroascorbate reductase. 

60. A composition as in Claim 51 therein said first 
-mentioned substance is ascorbate or dehydroascorbate, and 
said at least one second substance comprises ascorbate 
oxidase, oxidized glutathione, and dehydroascorbate reduc- 
tase. 

61. A composition as in Claim 51 wherein said first 
-mentioned substance is guanosine triphosphate or guanosine 
diphosphate, and said at least one second substance com- 
prises oxaloacetate, phosphoenol pyruvate kinase, adenosrne 
triphosphate, and nucleoside diphosphate kinase. 

62. A composition as in Claim 51 wherein said first 
-mentioned substance is oxidized or reduced cytochrome C. 
and said at least one second substance comprises nicot in a- 
mide adenine dinucleotide phosphate, cytochrome C reductase, 
hydrogen peroxide, and cytochrome C peroxidase. 

* 65 A composition as in Claim 51 wherein said first 

_,„,„ tio ,K.d s„., t «c is oxi-i-- or -educed ferritin. = 

„ W at least one second substance comprises hyd,o,,n. 

and pyridine nucleotide reductase. 
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64. A composition as in Claim 51 wherein said cyclic 
reaction is. an exponential cyclic reaction. 

65. A composition as in Claim 64 wherein said first 
-mentioned substance is adenosine triphosphate or adenosine 
diphosphate, and said at least one second substance com- 
prises adenosine monophosphate, myokinase, phosphoenol 
pyruvate, and pyruvate kinase. 

66. A composition as in Claim 49 wherein said 
predetermined reaction includes a luminescent reaction. 

67. A composition as in Claim 4"9 wherein said first 
-mentioned substance is an enzyme substrate, said conjugate 
has fluroescent properties, and a product of said predeter- 
mined reaction has fluorescent properties which differ from 
those of said conjugate. 

68. A composition as in Claim 40 wherein said ligand 
is selected from the group consisting of antigens and 
antibodies thereto; haptens and antibodies thereto; and 
hormones, vitamins, metabolites, and pharmacological agents, 
and their receptors and binding substances. 

69. A composition as in Claim 40 wherein said conju- 
gate and, LP present, said specific binding partner are 
water soluble. 
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70. A composition as in Claim 40 wherein said conju- 
gate and, if present, said specific binding partner are in 
a dry form. 

71. A composition as in Claim 40 wherein said conju- 
gate is incorporated with a carrier. 

72. A composition as in Claim 71 wherein said carrier 
is absorbent relative to said liquid medium. 

73. A composition as in Claim 71 which includes said 
specific binding partner, and said binding partner is also 
incorporated with said carrier. 
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74. A compound having the formula 

,3 



R*-CH 2 o R 



wherein is 



0 0 0 G 0° 

1 t I . 

-0- j-O-j-O-P-0 
0 0 0 




OH R 



■O^P-0 0 



II 

0 



or 



o 0 o e 

0-P-0-P-0 u 

II II 

0 0 



0° o 0 
I I 

•0-P-O- j»-0-CH 2 
0 o 



wherein R is . -OH or 



O 0 

1 0 
-0-P-0 u ; 

0 

0 




OH 



wherein R is 



NH, 



c N 
R 5 -<? 




R NH. 



N 




NHR 



NH 




2 R J 



II 



.N 



N 




NH_ 
l 2 



or 



CO 
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79. A compound as in Claim 78 wherein Y comprises a 
chain of 1 to 10 carbon atoms and/or heteroatoms. 



80. A compound having the formula 




OH OH 



1 1 2 

wherein R is -O-P-O-R 



0 0 0° 

1 I 2 

-0-f -0-I?-0-R z 

6 , or 



0° 0° 0° 

III; 

-o-l-o-p-o-y-o-R' 
o o o 



2 

wherein R is -Y-Z; wherein Y is a bond or a bridge group; 
and wherein Z is a ligand, a specific binding analog of 
ligand, or a specific binding partner of a ligand; and the 
protonized and salt forms of said compound. 

81. A compound as in Claim 80 wherein Y is a bridge 
group having a molecular weight of less than 200. 

82. A compound as in Claim 81 wherein Y comprises a 
chain of 1 to 10 carbon atoms and/or heteroatoms. 
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